Abstract A real-time population receptive field mapping procedure based on gradient descent is proposed. 
Introduction

18
Real-time estimation of population receptive fields (pRFs; Dumoulin and Wandell, 2008) offers many practical ad- point spreads of the blood-oxygen-level-dependent (BOLD) signal. Evaluations occur in terms of the ability of the 28 procedure to localize pRFs, approximate their shape, and the ability of these pRFs to explain variance in model 29 BOLD activity in response to a separate test stimulus.
30
Methods and Materials
31
Stimulus Design
32
The stimulus is an important contributor to the accuracy with which population receptive fields can be estimated 33 (Senden et al., 2014). In the present study, a novel multi-scale bar stimulus is used. The stimulus is split into three 34 concentric regions. The inner region spans a diameter of 7°and is traversed in twelve discrete steps by a bar ∼ 0.58°35 in width. The intermediate region spans a diameter of 14°and is traversed in twelve steps by a bar ∼ 1.16°in width.
36
The outer region spans a diameter of 21°and is traversed in twelve steps by a bar ∼ 1.75°in width. The upper 
42
In addition to the multiscale moving bar stimulus used for pRF mapping, a second stimulus is used to evaluate 
62
The hemodynamic response function of each vertex is given by a two-gamma function
with parameters and controlling the shape and scale, respectively, and controlling the ratio of response to 
leading to the update of the weight matrix against this gradient according to
where is a learning rate (1 × 10 −5 ). The effective stimulus matrix (of dimension -by-) is the result of convolving 
For real-time z-normalization, both mean and variance of the signal are estimated using online algorithms:
to subsequently obtain the z-score Correlations between estimated and model BOLD activity obtained for the test stimulus (see Figure 1) . As for the shapes, the estimated and model BOLD activity show good agreement. Agreement improves with higher SNR. This is expected since the model BOLD activity in response to the test stimulus become less noisy with increasing SNR. Point spread has again a negligible effect.
Results
111
Mapping Performance
112
The proposed gradient descent approach to pRF mapping is evaluated for a V1 model with circular receptive fields.
113
The performance of the algorithm is evaluated in terms of how well it localizes receptive fields as measured by does not, at least within the considered range.
120
Next, a more in depth evaluation is presented for SNR = 1.25 and a point spread equal to 2.5 mm. 
163
It is important to note that the presented approach is merely a proof of concept and as such rather simple.
164
However, it is vastly extendible. For instance, while in the present study the gradient descent approach is used 165 to adjust weights linking the visual field directly to the cortex, it is possible to interpose complex filtering steps
166
(cf. St-Yves and Naselaris, 2017). That is, a fixed set of spatial filters could be continuously applied to the effective 167 stimulus with adjustable weights linking this filter set to the cortex. In this manner, more complex response profiles 168 of voxels could be estimated in real time.
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